No standard algorithm exists for the workup of an unknown primary metastatic tumor. Traditionally, the workup requires a combination of history, physical examination, radiologic imaging, and further endoscopic evaluation with the patient under general anesthesia. The use of positron emission tomography (PET) remains controversial. Identification of the primary site ranges from 21% to 52%. [7] [8] [9] [10] [11] [12] Further evaluation with direct laryngoscopy (with or without esophagoscopy or bronchoscopy) with the patient under general anesthesia is often required to achieve better visualization and palpation of the mucosal surfaces of the upper aerodigestive tract and to obtain indicated biopsy specimens for the diagnosis of malignant neoplasms at a particular site. Despite this, in a series by Pattani and colleagues, 13 43% of cases of an unknown primary tumor were not identified after panendoscopic evaluation. The emergence of techniques in transoral endoscopic head and neck surgery 14 and its more widespread use may help to identify those tumors that were previously unknown. The use of a surgical microscope or a rigid endoscope provides the surgeon with better visualization of critical anatomy within the laryngopharynx, especially the Waldeyer ring. With this improved visualization, it is reasonable to expect that head and neck surgeons can more frequently identify the unknown primary site in HNSCC. A recent study 15 found that examination under anesthesia (EUA) coupled with transoral laser microsurgery (TLM) identified the primary site in 94% of patients with unknown primary metastatic carcinomas to the neck compared with only 25% with EUA alone. Because most primary tumors in this study represented early T1 tumors, with 19 of the 20 localized to the oropharynx, the results highlight the importance of methods that allow for a magnified and thorough inspection of tonsillar tissue where primary tumors can hide. In addition, the ability to perform a radical tonsillectomy or a composite submucosal resection of the tongue base can help in diagnosing and offering definitive therapy to the primary site.
In ways similar to TLM, the use of transoral robotic surgery (TORS) has the potential to offer both improved visualization and definitive treatment of the primary site. However, differences in tissue evaluation and resection are likely to exist between these techniques. In addition, the use of TORS to aid in the identification and treatment of the unknown primary tumor has not been clearly established. In this study, we report a multi-institutional experience using EUA with TORS as part of the workup of the unknown primary site in patients with metastatic carcinoma to the neck nodes. The goal of our study was to determine the efficacy of TORS in localizing the primary site of the malignant tumor for regional metastatic HNSCC. Our secondary goal was to describe the surgical management of the diagnosed primary tumor after TORS.
Methods

Study Design and Participants
We performed a retrospective case series review using pooled data from the following 6 institutions: University of Washington Medical Center, The University of Texas MD Anderson Cancer Center, University of Alabama-Birmingham Hospital, The University of Texas Medical School at Houston, Johns Hopkins Hospital, and Oregon Health Sciences University. The institutional review board of each participating institution approved a retrospective review of all patients who had undergone TORS from January 1, 2010, to February 28, 2013 . Some institutions had obtained a waiver of consent for retrospective data analysis, and some had received consent from patients a priori. Deidentified, masked patient information was then pooled for final analysis. All patients diagnosed as having HNSCC with an unknown primary site despite a physical examination and/or preoperative radiograph(s) and who underwent directed biopsies with TORS to aid in the workup of the primary site were included. We excluded those with recurrent disease, previous radiation therapy to the head and neck region, and/or previous biopsy specimens suggestive of the primary tumor site.
Evaluation and Imaging Assessment
Evidence suggestive of the primary tumor site was based on clinical and/or radiographic evaluation. Clinical evaluation included a thorough head and neck physical examination with a flexible fiberoptic scope examination. Radiographic imaging included ultrasonography, computed tomography (CT), magnetic resonance imaging (MRI), and PET. For each case included, the lack of a definitive diagnosis of the primary tumor site prompted further operative evaluation with TORS. Each operative procedure was preceded with a direct laryngoscopy by the surgeon performing TORS.
Data Collection and Statistical Analysis
Each institution was provided a standard database for abstraction of clinical outcomes data, including preoperative radiographic and physical examination findings and surgical and pathologic details. The Fisher exact test was used to explore the relationships of age and sex on initial nodal stage. The detection rate for an HNSCC of an unknown primary site using TORS was calculated, and the effect of the procedure on staging was analyzed descriptively.
Results
Forty-seven patients met the study criteria for an unknown primary tumor. Selected characteristics are presented in Table 1 . The mean age of the patients was 57.3 years (range, 40-78 years). All patients with an unknown primary tumor presented with a neck mass, yet there was a wide distribution in the size of the nodal tumor. Most had unilateral lymphadenopathy with nodal tumors of less than 6 cm. No association was found among sex, age, or human papillomavirus status and level of neck nodal disease (P = .15, P = .57, and P = .85, respectively). Of those tested, slightly more than three-fourths were human papillomavirus or p16 positive, yet in 27.6% this testing was not performed.
The imaging workup performed at each institution was highly variable and is documented in Table 2 . Contrastenhanced CT was the most common modality obtained in 38 of the 47 patients (80.8%), whereas 27 of 47 (57.4%) underwent combination PET and CT. The least common modalities were ultrasonography and MRI. Less than 15% of the study participants had no available imaging results before their TORS operation. Eight of the 38 (21.0%) had suspicious findings on their diagnostic CT scan, whereas 11 of 27 (40.7%) had suspicious findings on their PET-CT scan. Within the former group, 4 also had suspicious findings and supporting evidence of cancer on PET-CT, 2 had unremarkable PET scans, and 2 did not undergo PET-CT. For the remaining 7 of the 11 patients with suspicious PET-CT findings, 6 (85.7%) had an unremarkable diagnostic CT scan, whereas the remaining patient did not undergo this type of study. In summary, of those with imaging results, 16 of 40 patients (40.0%) had suggestive findings on contrast-enhanced CT, MRI, PET-CT, ultrasonography, or multiple techniques, with positive and negative predictive values of 50.0% and 16.7%, respectively. Table 3 lists the detection rates based on findings of preoperative workup. For the 4 cases with suspicious findings in both modalities (contrast-enhanced CT and PET-CT), 2 were accurately identified, whereas 2 remained unknown. In the 6 cases with suspicious PET-CT findings without supporting CT evidence, the unknown primary site was accurately identified in 4 of 6 (66.7%). Two cases had suspicious findings based on CT only, for which one remained unknown and the other was identified in a different site than what the imaging suggested. Altogether, 8 patients had notable findings for one imaging modality, whereas the other remained unremarkable. In these cases, PET-CT fared better at identifying the primary site (4 of 8 [50.0%]), with 2 false-positive cases compared with a diagnostic CT that failed to identify any primary tumors.
Physical examination findings were suspicious in 23 of 47 patients (48.9%). Of these, 10 had suspicious findings on imaging, but in 3 of 10 (30.0%) the physical examination findings did not coincide with the imaging results. One patient presented with a right N2c neck mass. This patient had undergone multiple right-sided directed biopsies, including an ipsilateral tonsillectomy, with imaging suggestive of a left tonsillar primary tumor and physical examination revealing lingual tonsillar hypertrophy. This patient underwent a left tonsillectomy and bilateral base of tongue resection, but the primary tumor was not identified. Another patient had a previous, unremarkable left tonsil biopsy specimen, with imaging suggestive of a supraglottic primary tumor and physical examination findings sug- gestive of a palatine tonsil tumor, yet again no primary tumor was found. In yet another patient, the primary tumor was located in the left tonsil, which had suspicious uptake on PET-CT, but physical examination findings were concerning for a base of tongue lesion. For physical examination, the false-positive rate was 43.4%, and the positive and negative predictive values were 56.5% and 25.0%, respectively. When considering all pre-TORS workup, including physical examination, fiberoptic endoscopy, and imaging, 15 of 47 (31.9%) had no findings suggestive of a primary tumor site. Eighteen of 47 patients (38.3%) underwent a biopsy of the upper aerodigestive tract at an outside hospital for workup of their unknown primary tumor before undergoing TORS. Most of these biopsies were obtained from the oropharynx, usually involving a tonsillectomy (6 of 18 [33.3%]) or biopsy of the tonsil (7 of 18 [38.9%] ) and/or base of tongue biopsy (14 of 18 [77.8%]). Ten of 18 underwent biopsies of both the base of tongue and the palatine tonsil. After TORS, the primary site was identified in 11 of 18 patients (61.1%) who underwent previous biopsies.
Details regarding operative and pathologic findings after TORS are presented in Table 4 . Operative management was limited to base of tongue excision or tonsillectomy, but variability occurred in whether resection was unilateral, bilateral, or in conjunction with a tonsillectomy. The extent of the resection of the base of tongue ranged from a submucous resection of the lingual tonsils to a unilateral, partial glossectomy in patients in whom the primary tumor was identified intraoperatively. Most patients (41 of 47 [87.2%]) underwent a base of tongue resection, with less than half undergoing a unilateral excision (17 of 41 [41%]). Similarly, tonsil resection ranged from a bilateral tonsillectomy to a radical tonsillectomy. Twenty-seven of the 47 also underwent a tonsillectomy, 6 of which underwent a tonsillectomy alone. Of these 27 patients who underwent tonsillectomy, slightly less than one-third had a radical tonsillectomy. Thirteen patients underwent an ipsilateral tonsillectomy, and 17 underwent an ipsilateral isolated base of tongue resection, with 10 in each group (76.9% and 58.8%, respectively) having suspicious preoperative workup findings.
Cervical lymphadenectomy was also highly variable. Eight patients did not undergo a neck dissection. Six underwent treatment of neck nodal disease before TORS, with 2 undergoing only an excisional biopsy. Of the remaining 33, 24 underwent same-day surgery, 8 underwent a neck dissection as a second stage procedure, and 1 had it after radiation therapy.
For 34 of 47 patients (72.3%), a primary site was successfully identified, with most localized to the base of tongue (n = 20); the remaining were identified in the palatine tonsil (n = 13), and 1 patient with 2 synchronous primary tumors, in the base of tongue and the palatine tonsil. The size of the primary site ranged from 0.3 to 3.0 cm, with a mean of 1.2 cm. Surgical treatment, whether a tonsillectomy or partial glossectomy with or without a partial pharyngectomy, was used for diagnosis and management because margin status for all identified primary tumors was clear in 29 of 34 patients (85.2%). In this group, 2 underwent repeat excision to achieve full clearance, and another 2 had close margins, within 1 mm. For the remaining 5 with positive margins, all were recommended to receive or received adjuvant radiotherapy.
Twenty-one patients had no suspicious findings on physical examination and radiographic imaging, if performed, or had conflicting information between the two. In this group, 16 of 21 patients (76.2%) were successfully identified. Three of these patients did not undergo any radiographic imaging before TORS, leaving a total of 18 patients who had a complete workup, including physical examination and preoperative imaging, without any suspicious findings or had contradictory workup results between the two. Selected characteristics for this group are given in Table 5 . The nodal stage at presentation was N1 (n = 3), N2a (n = 3), N2b (n = 8), N2c (n = 2), and N3 (n = 2). For all those identified, the tumor was present on the same side as the neck mass. Three of these patients had conflicting findings between physical examination and radiographic imaging; in 2 patients the mass remained an unknown primary tumor, and for 1 patient the suspicious radiographic findings were correct. Seven of these 18 had undergone previous biopsies. In 13 of 18 patients (72.2%), the primary sites were identified after TORS, with the size ranging from 0.3 to 3.0 cm. Seven tumors were identified in the base of tongue, and the remaining 5 were tonsillar tumors, with 1 patient having 2 synchronous primary tumors in the base of tongue and the palatine tonsil. Of those patients identified, 3 had previous biopsies performed on the base of tongue and tonsil.
No intraoperative complications or deaths occurred in our case series. Postoperative complications within the first 30 days included bleeding (n = 4) and tongue swelling (n = 1), for an overall rate of 5 of 47 (10.6%). Two cases of bleeding resolved without any sequelae, whereas the other 2 required return to the operating room for control. The patient with tongue swelling required an additional day of observation before discharge. With a median follow-up time of 24.7 weeks, we did not note any long-term adverse events.
Discussion
There is general agreement that the identification of an unknown primary tumor in the setting of cervical metastasis of squamous cell carcinoma is important. Localization of the primary tumor site allows for a more focused radiation field, reducing morbidity related to a broader field of radiation. It also opens an opportunity for definitive surgical management based on the location. Most of all, previous studies 6, 16, 17 have reported that identification of the occult tumor results in increased survival rates from 16% to 50% when not found compared with up to 58% to 100% if localized. In this study, we aimed to assess the efficacy of TORS in localizing the primary site of malignant neoplasms for regional metastatic HNSCC and to describe the surgical management of the diagnosed primary tumor after TORS. The primary site of the malignant neoplasm was identified in most patients even when limiting to those with unremarkable preoperative workup findings. Use of TORS allowed for diagnosis of the primary tumor site and definitive surgical treatment, usually in one setting. Workup and management begin with a focused history and physical examination in addition to flexible laryngoscopy, but the criterion standard of diagnosis has been endoscopic visualization of the upper aerodigestive tract with the patient under general anesthesia, as suggested by Martin and Morfit 5 in the mid-1940s. During the past 7 decades, few changes and advances have occurred in identifying an unknown primary tumor. Now, with more enabling and ubiquitous technologies, many patients can undergo some form of contrast-enhanced imaging and combination PET-CT. Operative evaluation with the patient under anesthesia is not limited to panendoscopy and biopsies; tools such as TLM and TORS are now available as well. Despite the variety of options available, there continues to be no set standard in the workup, diagnosis, and management of an unknown primary tumor of the head and neck region. In this study, we included all patients diagnosed as having an unknown primary HNSCC despite a physical examination and/or preoperative radiograph(s) and who underwent directed biopsies with TORS to aid in the workup of the primary site. We purposely did not exclude patients with suspicious findings on physical examination or imaging to illustrate the heterogeneity in the definition of an HNSCC with an unknown primary site among different institutions, to determine the predictive accuracy of the physical examination and imaging studies in diagnosing the primary site, and to evaluate how imaging results affect intraoperative decision-making. Significant variety was found in the management of an unknown primary tumor, specifically regarding the type of operation performed, the inclusion of the base of tongue and the tonsil, and the laterality. For our series, the primary tumor site was identified on the same side as the presenting neck mass. However, previous reports 18, 19 have addressed the possibility of bilateral or contralateral palatine tonsil disease. The incidence of the former was noted in 11.1% of primary tumors identified, whereas contralateral disease has been appreciated in up to 10% of patients. This, in addition to the resulting asymmetry of the remaining tonsil, argues for bilateral excision. 18, 20 In our database of 47 patients, 34 primary tumor sites (72.3%) were identified, but more than half of the initial group had suspicious findings based on their preoperative workup, leaving a total of 18 patients with no suspicious findings based on physical examination, radiologic imaging, and previous workup or workup that led to contradictory information. Within this group, 72.2% were accurately identified. In a similar manner, Cianchetti et al 2 retrospectively assessed the diagnostic workup (including CT, MRI, and PET) of an unknown primary tumor in the setting of squamous cell carcinoma metastatic to the cervical lymph nodes where panendoscopy with directed biopsies and a unilateral or bilateral tonsillectomy if indicated was used to diagnose the primary tumor. In a 20-year period, they noted a diagnostic rate of 53.4% in 236 patients, but when limiting it to only those with no physical examination or radiographic findings, the rate decreased to 29.2% for 72 patients. A comparable study 21 noted an overall detection rate of 43% in 130 patients when using Abbreviations: BOT, base of tongue; GT, glossotonsillar; L, left; NA, not applicable; R, right; TORS, transoral robotic surgery; XRT, radiation therapy.
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Robotic Surgery preoperative workup and panendoscopy, but again this number was greatly reduced (7 of 42 [17%]) when limiting the sample to those who had unremarkable physical examination and negative radiographic findings. More recently, Pattani et al 13 looked at the utility of panendoscopy in a smaller sample size of 23 patients and noted that panendoscopy was able to identify the primary site in 57%. Their population included those with suspicious findings on PET-CT examination, which represented all but 1 of the identified primary tumors. Thus, when comparing our study's identification rates to published series that used panendoscopy, TORS management was superior in identifying the primary site, with a rate of 72.3% of all patients and 72.2% of those without physical examination and radiographic findings or contradictory information between the two. In contrast to panendoscopy, the individual and overall detection rates noted in TORS (50% to 80%, depending on presence of physical examination and/or radiographic findings) were much higher, suggesting that regardless of the preoperative findings, TORS had a consistently higher diagnostic rate. 2, 13, 21 This finding held true for our subset analysis, which was limited to those with unremarkable or contradictory preoperative workup findings. Our study, however, reported a detection rate of TORS to be much lower than what was reported by Karni Although their exclusion criteria were similar to ours, PET-CT was not included for the diagnostic workup of an unknown primary tumor. One study 22 noted success with the use of PET-CT with identification rates of 30 of 78 (38%) after physical examination and imaging had failed. Furthermore, multiple studies [22] [23] [24] [25] have suggested an increased rate of detection of up to 54% when PET-CT was used. Our study supports the use of combination PET-CT; in cases when there is conflicting information between contrast-enhanced CT and PET-CT, the latter fared better in identifying the primary tumor site. Only one other study 26 has examined the use of TORS in diagnosis and management of an unknown primary tumor. The authors reported an identification rate of 90% when performing a base of tongue resection using TORS. Their study, however, was limited by a small sample size of 10 patients, all of whom had previously undergone a laryngoscopy with examination while under anesthesia, which included random biopsies of base of tongue and pharynx and a tonsillectomy before TORS. Furthermore, in this group, the preoperative workup had failed to identify a primary site, yet 4 of 10 had suspicious findings on PET-CT. Most of the tumors were positive for human papillomavirus, raising suspicion of an oropharyngeal source when a tonsillar primary tumor has already been ruled out because all had undergone a previous tonsillectomy. Despite having had a previous base of tongue biopsy, a malignant tumor was not identified until a base of tongue re- CT and MRI are useful in nodal staging, and are independent of the examiner. Previous EUA with random biopsies was not standard either because 18 of 47 (38.3%) underwent a previous biopsy before TORS. In the setting where there are no physical examination or imaging findings, random biopsies of multiple sites are recommended, 29 but this only occurred in 10 of 18 patients in our study. Furthermore, there are inconsistencies between patients undergoing a tonsil biopsy and those undergoing a full tonsillectomy because 6 of the 12 patients (50%) underwent biopsies of the tonsil, despite previous reports indicating a higher detection rate when a formal tonsillectomy is performed compared with a tonsil biopsy. 20 In concordance w ith much of the published literature, 1, 2, 21, 30 we noted that the most common location identified for an unknown primary tumor are the base of tongue and the palatine tonsil. Both of these locations are easily accessible with a TORS approach. Furthermore, in our study, of the 34 tumors that were successfully identified, 29 had clear margins, suggesting a high rate of definitive therapy with curative intent. Use of TORS for surgical resection of upper aerodigestive tract neoplasms has a high success rate, with unsuccessful resections noted because of inadequate exposure, tumor size, and inexperience. 31, 32 The size of the primary tumor was variable, with most being 2.0 cm or less; in 3 patients the primary tumor was greater than 2.0 cm. The first patient had a superficial ulceration of the left base of tongue noted on physical examination. In the second patient, the tumor was submucosal, making identification through physical examination and imaging difficult. In the third patient, pathologic examination noted a superficial, spreading, multifocal pattern of disease in the 2 synchronous primary sites identified; one was in the base of tongue and the other was in the tonsil.
Although TORS has been a relatively new technique in the realm of head and neck cancer, multiple published studies 31, [33] [34] [35] [36] [37] [38] have established its safety and feasibility for the management of head and neck cancer. Reported complications include dysphagia, bleeding, airway edema, pharyngocutaneous fistula, aspiration pneumonia, and death. 32, 33, 36, [39] [40] [41] Bleeding rates vary from 0.5% to 10.4%, with our rate falling within the expected range. Dysesthesias secondary to pressure has been reported infrequently, with one event in a case series of 177 patients, 41 but this was not appreciated in our series. By pooling data from multiple institutions, we were able to increase our sample size and also include a more generalized approach to unknown primary tumors by minimizing single-institution biases. However, the heterogeneity of the database serves as a limitation in that the preoperative workup, operation performed, and surgeon technique varied at each institution. Each institution was provided a standard database for abstraction, but inherent selection and reporting biases limit the generalizability of our results. Currently, we cannot specify which factors associated with TORS are likely to lead to its effectiveness in the localization of an unknown primary tumor. The improved magnification, use of spatulated retractors and wristed instrumentation, and submucous resection of the base of tongue could all contribute, and to identify which one(s) plays a key role would require further studies.
In conclusion, our results suggest that the use of TORS in the identification of an HNSCC with an unknown primary site is highly efficacious because the detection rate with TORS in the setting of misleading information or negative workup results was superior to what has been reported with traditional EUA with tonsillectomy and random base of tongue biopsies. Preoperative workup continues to be variable regarding types of imaging and outside biopsy specimens obtained, but contrast-enhanced CT or MRI and combination PET-CT are useful tools to aid in the diagnosis. All identified primary tumors were located in the base of tongue or palatine tonsils, and for most, complete resection was feasible through TORS. Thus, this technique allowed for both diagnosis and definitive management of the primary tumor site, which obviates the need for wide-field radiation, theoretically reducing overall morbidity. In addition, in cases with only a single metastatic node without extracapsular extension (eg, T1 N1 M0), a complete resection with clear margins could allow for either single-modality therapy or a reduction in the overall radiation dose. A multi-institutional, prospective trial with a standardized preoperative workup and surgical treatment with TORS is therefore warranted to further investigate the efficacy and cost-effectiveness of this approach in this subgroup of patients.
